Dengue hemorrhagic fever (DHF) is a severe febrile disease, characterized by abnormalities in hemostasis and increased vascular permeability, which in some cases results in hypovolemic shock syndrome and in dengue shock syndrome. The clinical features of DHF include plasma leakage, bleeding tendency and liver involvement. We studied the histopathological features of a fatal case of dengue-3 virus infection. The patient, a 63-year old male, presented with an acute onset of severe headache, myalgia and maculopapular rash. Tissue fragments (liver, spleen, lung, heart, kidney and lymph nodes) were collected for light microscopy studies and stained by standard methods. Histopathology revealed severe tissue damage, caused by intense hemorrhage, interstitial edema and inflammation. Some tissue sections were also processed with the immunoperoxidase reaction, which revealed the dengue viral antigen. Dengue-3 virus was isolated and identified with electron microscopy in a C6/36 cell culture inoculated with the patient's serum. Viral particles were detected in the infected cell culture.
Dengue hemorrhagic fever (DHF) is a severe febrile disease, characterized by abnormalities in hemostasis and by increased vascular permeability, which in some cases results in hypovolemic shock syndrome and dengue shock syndrome (DSS) [1] . The characteristics of DHF/DSS are perivascular edema, without destruction of the vascular endothelium, liver parenchyma necrosis and spleen, lymph node, and thymus cell hyperplasia [2] . Clinical features of DHF include plasma leakage, bleeding tendency, liver involvement, pleural or other effusions, hypoalbuminemia and hypoproteinemia [3] . The liver may be enlarged and serum activity of aminotransferases is usually increased [4] . In studies of fatal dengue virus (DENV) infection, the DENV antigen was detected in the cytoplasm of phagocytic mononuclear cells of various tissues, including the liver, spleen, brain and lung [5] . Serology and detection of DENV serotype 3 by the polymerase chain reaction technique (PCR) have been used to establish a postmortem diagnosis of hepatic failure secondary to DHF [6] . Pathological findings reported in patients with DSS include liver centrilobular necrosis, changes in fatty tissue, Kupffer cell hyperplasia, acidophilic bodies, and monocyte infiltration of the portal tracts [2, 7] . In fatal cases, DENV-antigen-positive hepatocytes were seen surrounding areas of liver necrosis [8] [9] [10] . Information about the target tissues and cells suitable for viral infection has been derived from examination of blood samples and tissues collected at autopsy. DENV antigens have been observed both in Kupffer cells and in hepatocytes [11] . Strong tissue alterations associated with DHF/DSS are observed in the liver, bone marrow, lymphoid organs, heart, lungs and kidneys [2] . The activity of serum aminotransferases was found to be significantly greater in patients with DHF/DSS than in those with DF [12] .
In the early months of 2002, the state of Rio de Janeiro was severely burdened by a large-scale dengue epidemic [13, 14] . In contrast to the 1986-1987, 1990-1991 and 1995 epidemics, the 2001-2002 epidemic was characterized by the circulation of serotype 3, which had been isolated for the first time in Brazil a few months earlier [15, 16] . We report the findings of a virological and pathological post-mortem evaluation of a fatal case of dengue-3 virus infection in an inhabitant of the city of Rio de Janeiro, who died during the 2001/ 2002 epidemic [13] .
Case Report
The patient, a 63-year old retired male, who lived in the Mangueira neighborhood, presented with an acute onset of severe headache, myalgia, anorexia, abdominal pain, maculopapular rash, and petechial hemorrhage. Leukopenia, hemoconcentration and thrombocytopenia were evident on peripheral blood examination. Four days later, diarrhea and hemoptysis ensued. Increased serum activity of aspartate aminotransferase (75IU/L), creatine phosphokinase (126IU/L), myoglobin (174ng/mL), amylase (411IU/ L) and lipase (41 IU/L) were recorded, as well as a prolonged prothrombin time (35%). An echocardiogram showed global dysfunction of the left ventricle, with an ejection fraction of 53%. Dengue IgM and IgG antibody assays were both reactive. A progressively deteriorating clinical picture of shock syndrome and acute pulmonary congestion soon followed. The patient died, with a clinical diagnosis of dengue hemorrhagic fever, heart failure, acute abdomen and pancreatitis.
Morphology and immunostaining of tissues
Tissue fragments (liver, spleen, lung, heart and kidney) were fixed by immersion in Millonig's fixative and processed for hematoxylin and eosin (HE) staining, and sections were processed by immunoperoxidase reaction, using a monoclonal DENV-3 antibody.
Detection of dengue-3 virus in C6/36 cell line culture inoculated with patient serum
The blood was centrifuged at 400 rpm for 5 minutes, and the serum was collected and inoculated (100 L) into a monolayer of C6/36 cell culture. After inoculation for 1 hour at 28 0 C, monolayers were grown in L-15 medium supplemented with 1% non-essential amino acids, 10% tryptose phosphate broth and 10% fetal bovine serum. The tubes were observed daily for viral cytopathic effects during 15 days. A negative control was prepared, using a non-infected monolayer of C6/ 36 cell culture. Presence of viral antigen in C6/36 cells was achieved by the indirect immunofluorescence technique, using a type-specific monoclonal antibody for DENV serotype 3 (3H5) (ATCC).
Transmission electron microscopy
Monolayers of infected and control C6/36 cell cultures were fixed in 1% buffered glutaraldehyde, dehydrated and embedded in epoxy resin for electron microscope observations. Ultra-thin sections 50-70 nm thick were obtained using a diamond knife, double stained with uranyl acetate and lead citrate and observed with a Zeiss EM-900 transmission electron microscope.
Results
Multiple purpuric and petechial hemorrhagic lesions were evident, especially around needle puncture sites. Hemorrhages were also present in serous cavities, including hemorrhagic pleuritis and pericarditis. The liver and spleen were grossly congested with multiple hemorrhagic foci, and a perforated duodenal ulcer was seen (Figure 1) . On optical microscopy, there was a mononuclear cell infiltrate around the portal space, with focal vacuolization in the cytoplasm of hepatocytes. Hepatic sinusoids were infiltrated and free collagen filaments and hemorrhagic congestion were observed (Figures 2a and b) . Generalized vascular damage was seen in the spleen, with hemorrhage, increased vascular edema and plasma leakage (Figure 2g ). The lungs were diffusely infiltrated by mononuclear cells, with interstitial edema and diffuse alveolar congestion and hemorrhage. There was also hemorrhage into the great vessels (Figures 2d and e) . Renal cortical sections showed hemorrhage on glomerular capillaries and proximal convoluted tubules. Renal medullary tissue also displayed a mononuclear infiltrate around the collecting ducts, with hemorrhagic foci, interstitial edema and vascular congestion (Figures 3a and b) .
Immunostaining of liver, spleen, lung, heart and kidney tissues, using the specific DENV-3 immunoperoxidase technique, disclosed the viral antigen on hepatocytes, Kupffer cells, alveolar macrophages, endothelial cells, and inflammatory cells in the medullar region of the kidney. DENV-3 virus particles were detected in the C6/36 cell culture inoculated with the patient's serum, under electron microscopy. Some vacuolated cells exhibited viral particles inside the cisternae of the rough endoplasmic reticulum (Figure 4) .
Discussion
In the histopathological analysis of this fatal case of DENV-3 infection, we found severe damage to the vascular system, hepatic injury, and mononuclear cell infiltration in many target organs. Viral antigen was also demonstrated in inflammatory cells of the lung and spleen. We suggest that viral replication also occurs in macrophages and leukocyte cells. The autopsy showed numerous petechiae in the skin, with areas of hemorrhage. These data corroborate the conception that the liver is an important site of dengue virus replication. Intense injury to many organs was demonstrated, such as focal vacuolization of hepatocytes, and increasing concentrations of inflammatory cells inside sinusoid capillaries. This suggests the participation of cytokines and inflammatory mediators, causing alteration of vascular permeability. The lung and spleen also displayed focal vacuolization and interstitial edema around an infiltration of macrophages and lymphocytes. We found areas of intense parenchymal hemorrhage in many organs. Reported cases of dengue fever have detected DENV immunoreactivity in brain tissue cells, such as neurons, astrocytes, microglia and endothelial cells [19] . In a fatal case, vascular congestion and edema were especially conspicuous in the white matter and in mononuclear macrophage-like cells. Labeling of viral antigens were observed with light microscopy, within and outside small veins, many of them leading into brain tissue [5] . In our patient, viral antigen was found in inflammatory cells of the liver, lung, heart, kidney and lymph nodes, as well as in hepatocytes and endothelial cells. Similarly, dengue virus has previously been identified within liver tissue, and dengue virus antigen was identified within Kupffer cells of infected individuals [20] . Elevation of serum aminotransferase activity is almost universal in individuals with DHF [17] . The histopathology showed marked macrovesicular fatty changes, midzonal hepatocellular necrosis and focal lymphocytic and polymorphonuclear leucocyte infiltration in a case of dengue hemorrhagic fever with fulminant hepatic failure [6] . In our patient, hepatocellular injury was also observed, and focal microvesicular steatosis was found around the central lobular vein. The hepatic alteration consisted of diffuse necrosis of sinusoid capillaries, suggesting release of cytokines and activation of the complement system, as well as endothelial dysfunction. In conclusion, the patient in our study, infected with DENV-3, died with considerable hepatic injury, as well as interstitial edema and inflammatory infiltration in many organs. 
